Summary Vitamin D deficiency/insufficiency is currently considered to be a re-emerging public health problem globally. This study was designed to determine the prevalence of vitamin D deficiency and insufficiency and to investigate its trend from 2001 to 2013 in a longitudinal study of Iranian adults. This study was part of a population-based, longitudinal ongoing study of Iranian healthy adults aged 35 y and older at baseline. Serum vitamin D level was assessed in a sub-sample of 370 subjects, who were apparently healthy at the time of recruitment in 2001 and were free from MetS, in three phases (2001, 2007 and 2013) during the 12-y study period. Adjusted prevalence and trend of vitamin D deficiency were calculated. Mean serum vitamin D levels increased over the time of the study (52.12, 54.27 and 62.28 nmol/L, respectively) and the prevalence of vitamin D deficiency decreased Vitamin D has long been recognized for its role in the regulation of calcium and phosphorus homeostasis and bone health (4). Moreover, there is also an increasing body of evidence that has found an association between vitamin D deficiency and other health problems (5). For example, the risk of all-cause and cardiovascular mortality was reported higher in people with a lower level of serum 25(OH)D (6-8). Although the optimal serum level of 25(OH)D in humans is not fully recognised, several expert groups have considered levels of less than 25 nmol/L to be a 'deficiency' and 25-50 nmol/L to be an 'insufficiency' (9, 10).
Vitamin D deficiency was identified as a public health problem more than two hundred years ago, during the Industrial Revolution (1) . The problem declined as a result of the discovery of vitamin D and increased intake of vitamin D. However, as a consequence of modern lifestyles, more indoor activities and the inadequate amount of vitamin D in most people's diets (2) , the number of individuals with low serum 25-hydroxyvitamin D (25(OH)D) levels has been increasing (3) .
Vitamin D has long been recognized for its role in the regulation of calcium and phosphorus homeostasis and bone health (4) . Moreover, there is also an increasing body of evidence that has found an association between vitamin D deficiency and other health problems (5) . For example, the risk of all-cause and cardiovascular mortality was reported higher in people with a lower level of serum 25(OH)D (6) (7) (8) . Although the optimal serum level of 25(OH)D in humans is not fully recognised, several expert groups have considered levels of less than 25 nmol/L to be a 'deficiency' and 25-50 nmol/L to be an 'insufficiency' (9, 10) .
Due to the potential health problems related to vitamin D deficiency and its increasing prevalence, vitamin D deficiency/insufficiency is currently recognized as a reemerging public health problem at the global level (11) . It is estimated that more than one billion people are vitamin D deficient/insufficient (12) . For example, the prevalence of vitamin D deficiency was 36% in young adults in the United States (13) , while studies in Australia have also reported a high prevalence of vitamin D deficiency (33% and 40% in men and women respectively), despite the high levels of sunshine (14) . However, the situation seems to be worse in Middle-Eastern countries, despite the sunny climate throughout the year (15) . The prevalence of vitamin D deficiency/insufficiency in adults was reported as 61.4% and 87.8% in Kuwait and Saudi Arabia respectively (16, 17) . Although there is no national level data on vitamin D deficiency in Iran, several small scale studies reported a prevalence of 44.2% to 72.3% in adults (18, 19) . Further, there are few longitudinal studies which have investigated the trends in the prevalence of vitamin D deficiency (20) . Given the importance of adequate 25(OH)D levels and chronic disease prevention, this study aimed to determine the current prevalence of vitamin D deficiency and insufficiency, and to examine its trend in a longitudinal study of Iranian adults with three times assessments from 2001 to 2013.
METHODS AND MATERIALS
Study design. This study was completed as part of a population-based, longitudinal, ongoing study of healthy Iranian adults aged 35 y and older at the time of recruitment in 2001, known as the Isfahan Cohort Study (ICS) (21) . Individuals were selected from three provinces in central Iran, using the multistage random sampling method. ICS aimed to determine the impact of various risk factors, including individual and environmental risk factors, on the incidence of cardiovascular diseases. Detailed information regarding ICS, including sampling, rationale and results, was presented elsewhere (21, 22) . In the current study, vitamin D levels were assessed in subjects who were free of MetS in 2001 and if their frozen serum samples were available in 2001, 2007 and 2013. Thus, using the above criteria, 370 subjects met the selection criteria for the current study. The ethics committees of the Isfahan Cardiovascular Research Institute (ICRI) and Griffith University approved the current study.
Measurements. After obtaining informed written consent, an interview was conducted by trained interviewers. A validated questionnaire, comprising questions on socio-demographic characteristics and related lifestyle behaviours, including smoking, physical activity, and nutritional habits, was applied. Anthropometric parameters were measured using standard protocols. Body mass index (BMI) was calculated by dividing the weight in kilograms by height in meters squared. Blood samples were collected after 12 h of fasting and were immediately frozen at 280˚C for future studies. The serum 25(OH)D levels, as the best measure of body vitamin D status (23), were measured using the Enzyme Linked Immune Sorbent Assay (ELISA; Euroimmun AG, Luebeck, Germany). For the current study, the frozen serum samples were used to measure 25(OH)D, as it is very stable in serum when kept frozen (24) . The dietary intake of participants was assessed using a validated 49-item food frequency questionnaire (FFQ) (25, 26) that determined the consumption of each food item during the previous year. The main dietary sources of vitamin D, including oily fish, butter, margarine, eggs, beef and liver were considered as dietary intake of vitamin D, which was assessed by summing up the frequency of consumption of those foods. Based on the median intake, individuals with a three or more times per week consumption of vitamin D sources were defined as high consumers. Serum vitamin D levels were categorized based on the most accepted cut-off points for deficiency, insufficiency and sufficiency (,25 nmol/L, 25-50 nmol/L and .50 nmol/L respectively) (9) .
Statistical analysis. Variables were presented as the mean (standard deviation) or percentage. The frequency of distribution of participants among these three groups was examined using Chi-square or the Fisher Exact test, where appropriate. Changes in serum vitamin D levels from 2001 to 2013 were tested using repeated measures ANOVA. Analyses were stratified by gender, age, BMI, region, education levels, occupation and dietary intake of vitamin D. The Generalized Estimating Equation (GEE) (27) was used to investigate the age-adjusted odds ratios for the prevalence and trend of vitamin D deficiency and insufficiency from 2001 to 2013. In this model, the logistic regression and the AR(1) working correlation matrix have been used. To control the effect of potential confounders on the trends of vitamin D deficiency and insufficiency, age, BMI, region, season of blood collection and dietary intake of vitamin D were adjusted in the model. The predicted value was determined in GEE and the prevalence for each period was calculated. The SPSS statistical software package version 22 (SPSS Inc., Chicago, IL) was used for statistical analysis. Table 1) . The results identified an increasing trend in serum vitamin D levels over the 12-y period, even when classified according to gender, age, BMI, region, education levels, marital and smoking status, occupation and dietary intake of vitamin D. When comparing serum vitamin D levels separately at different points in time of data collection, there were no statistically significant differences in serum vitamin D levels by various socio-demographic groups, such age, BMI and gender. The prevalence of vitamin D insufficiency or deficiency at baseline did not differ significantly between different categories of various sociodemographic factors. Further, it was not significantly different between groups with low and high vitamin D intake ( Table 2) .
RESULTS

Examining
The prevalence of vitamin D deficiency, insufficiency and adequacy were adjusted for age, BMI, region, season of blood collection and dietary intake of vitamin D (Table 3 
DISCUSSION
This study provided an insight into the prevalence and trends of vitamin D deficiency and insufficiency among Iranian adults from 2001 to 2013. The present longitudinal study revealed some important findings. First, this study identified a decreasing trend in vitamin D deficiency and an increasing trend in vitamin D adequacy over the 12-y period since 2001. Moreover, when the distribution of serum vitamin D levels was examined at different points in time, there was a positive shift from 2001 to 2013. Furthermore, the results also indicated that vitamin D deficiency and insufficiency are still highly prevalent among the studied population. These results add to the expanding data suggesting that vitamin D inadequacy is a highly prevalent situation globally, as well as in the Middle Eastern countries (16) (17) (18) (19) 28) . Previous studies in Iran also reported a high prevalence of vitamin D deficiency and insufficiency (20, 29, 30) ; however, to the best of our knowledge, no cohort study has reported changes in vitamin D levels over time in Iran or in any of the Middle East countries.
The present study also reported a decreased risk of vitamin D deficiency over the last 12 y. This apparent improvement in vitamin D status could be the result of several possible factors. First, in recent years, the general population and medical professionals have become more aware of the problem of vitamin D deficiency and its health consequences, including skeletal disorders and chronic diseases. Moreover, medical doctors are more likely to screen for vitamin D status, and there is a higher possibility for diagnosis of vitamin D deficiency and a greater likelihood to recommend the use of vitamin D supplementation. A study in the same district of Iran compared results on vitamin D deficiency with previous studies in Iran and claimed that the prevalence of vitamin D deficiency is an increasing trend (20) . However, because of the cross-sectional design of the compared studies, different methods of serum 25(OH)D assessment, different population and different definitions for vitamin D deficiency among studies, this assumption may not be accurate.
Vitamin D deficiency could be attributable to low dietary intake of vitamin D and low sun exposure. However, the present study showed no association between serum vitamin D levels and dietary intake of vitamin D. This result is expected because there are limited foods that naturally contain vitamin D, and almost all foods have less than 400 IU of vitamin D per 100 g edible portion. The best sources of vitamin D are oily fish, cod liver oil, beef liver and egg yolk (31) . Alternatively, during sunlight exposure, ultraviolet (UV) photons are absorbed by the epidermal and dermal cells and produce vitamin D3 from its pre-vitamin (32) .
Despite ample sunshine, Iran is among the countries with the highest prevalence of vitamin D deficiency and insufficiency (11) . The present study showed that over half of the studied population were vitamin D deficient or insufficient. This is, in large part, elucidated by restricted sun exposure, skin pigmentation and social factors (28) . Skin pigmentation prevents UV absorption and thus the skin produces less vitamin D in the body (33) . Likewise, more popular use of sunscreen may also reduce the cutaneous synthesis of vitamin D (34) . On the other hand, sun-seeking behaviour is not popular among the Iranian population because of the hot and dry climate and to prevent pigmentation, as fair skin is considered an aspect of beauty in this society (11) . Moreover, many people avoid UV irradiation because of the growing awareness that sunshine may lead to premature aging and cancers (35) . Skin coverage is another factor affecting vitamin D synthesis and leading to vitamin D deficiency (36) , and is common in Iran because of cultural and religious considerations. However, in this study there are no data to support this statement.
Generally, urbanization is another reason for low serum vitamin D levels, as people spend most of their time indoors, compared to rural citizens. As a result of increased population, a higher percentage of the population live in apartments, also diminishing exposure to sunshine (37) . Air pollution and high levels of air particles in big cities in Iran also diminish vitamin D synthesis because UV irradiation is absorbed by these particles and cannot reach the skin (38) . However, in the current study we did not find any significant difference in vitamin D levels between rural and urban populations, which might be because of skin coverage in rural areas, or higher availability of vitamin D supplementation in cities.
The current study also reported a high prevalence of vitamin D deficiency independent of age. However, it is assumed that older individuals are more likely to be vitamin D deficient, not only because they may mostly stay indoors, but also because production of vitamin D in skin decreases with age (39) . Nevertheless, there are other studies which reported that vitamin D deficiency was highly prevalent in adolescents (up to 70%) (40) and even more in younger individuals (20) . Female gender is another causal factor for vitamin D deficiency due to likelihood of pregnancy and lactation. Furthermore, greater body fat composition, which can lead to more vitamin D storage and consequently lower serum vitamin D, can increase vitamin D deficiency in women (33, 41) . The present study did not find any significant difference between males and females. Considering the higher levels of concern held by women regarding their diet and health (42) , higher consumption of vitamin D supplementation in women is conceivable. This could also explain a significantly reduced risk of vitamin D in females but not in males over the 12-y period of our study. Another possible reason for not finding any significant difference in the prevalence of vitamin D deficiency between sub-groups of the study population might be due to the limited number of individuals in each, which limits the power to detect significant differences; however, the sample size was calculated to be large enough to determine if there were any significant changes in the prevalence of vitamin D deficiency from 2001 to 2013.
Vitamin D deficiency may be worsened as a result of secondary hyperparathyroidism caused by calcium inadequacy (43) . Moreover, it has been shown that lower serum vitamin D levels were associated with specific genotypes (28) . A well designed genome-wide association study revealed that different genes related to cholesterol metabolism, hydroxylation, and vitamin D transport affect vitamin D status and play roles in the etiology of vitamin D deficiency and insufficiency (44) . This could be another possible reason for a higher prevalence of vitamin D deficiency in some populations, such as Iranians.
This study has a number of strengths. The first was its longitudinal design. There is limited information about the trend of vitamin D deficiency in longitudinal studies and thus this study is among the first that could assess this trend. This information is indispensable for health policies to prevent nutritional deficiencies and related diseases. Another strength is controlling for the possible confounders related to the prevalence and trend of vitamin D deficiency, including age, gender, BMI, region, season of blood collection and dietary intake of vitamin D. However, the current study also has some limitations. First, some of the characteristics of the study subjects differed significantly from that of the subjects in the total cohort. Overall, the study subjects were relatively younger and were in better health than the total cohort and, therefore, the study subjects may not be representative of the wider population. Second, although all study subjects were free from MetS in 2001, some developed the condition over the 12-y period and this may have influenced the present findings. However, after adjusting for the effect of the presence of MetS in the multivariate model, the results remained unaltered. Third, we do not have any data on vitamin D supplementation, PTH or calcium levels, which may have some influence on vitamin D levels and, therefore, the findings of the present study should be interpreted with caution.
In conclusion, the present study revealed that there was significant improvement in vitamin D status among Iranian adults over the 12-y period. However, the current prevalence of this nutrient deficiency is still high enough to be considered a significant public health issue. Considering the possible health consequences of vitamin D deficiency, there is an urgent need to develop population-wide strategies, such as supplementation and fortification, to prevent or control vitamin D deficiency. Further studies with representative samples are required to confirm the downward trends of vitamin D deficiency among Iranian adults, and to investigate the determinants of this deficiency in this population.
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